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PRESSURE-DISTRIBUTION MEASUREMENTS ON A FULL-SCALE
HORIZONTAL TAIL SURFACE FOR A MAGH NUMBER RANGE
" OF 0.20 TO 0.70

By Carl F. Schueller
SUMMARY

Tests of a full-scals, cemispan, horizontal teil surface for

& Jet—-propelled fighter alrplene have been conducted in the langley
- l6-foot high-speed tunnel to determins the variation of the chord-
-wige and spanwise pressuie distributlons with Mech mumber.

Surface lrregulerities were found to cause appreciable distor—
tlon of the pressure distribution. The highest critical speed of
the taill surface was 0.77. By elimination of the surface irregular—
ities, it is estimated that this could be increased to 0.80.

: The rate of change of pressure coefficient with angle of attack
over the leading 60 percent of the chord increased with increasing

Mach number duve to compressibility effects while no systematlc varla~ .

tion was apperent aft of the hinge line, The rate of change of
pressure coefficlent with elevator angle decreased. over the leading
15 pexcent of the tail surface as & result of model twist and
increased at the TO-percent and TT-percent choxd stations with

. increasing Mach number. _

Reasonable agreement betwesn the calculated and experimental
root—bending-moment coefficient was obtained up to & Mach number
of 0.68.

- INTRODUCTION

A full-scale, semispan, horizontal tall surface of a Jot—
propelled. fighter—type airplane was tested to determine its
aerodynamic charaocteristice at Mach numbers in the range of 0.20
and 0.70. The results of force tests and hinge-moment measurements
were presented in reference 1., This report presents the results of
chordwise and spanwise pressure-—distribution measurements.
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In the application of wind—tummel date cbtained with solid models
of exact profile contour to the caloulation of aerodynsmic loads on
8 full-~scale airplane wing or teil,it is diffiouwlt to allow for the
effects of surface distortion. Because surface distortion ordinasrily
increases with incrbasing speed and because the effects of & given
surface irregularity become magnified at high Mach number; hlgh-speed
full-gcale tests of actual components of high--speed alrplanes are
required to determine accurately the aerodynsmic characteristics and
to investigate the nature of the effects of structural distortion.

The purpose of the present investigatlon was to supplement the
force tests of reference 1 with pressure data which would provide
detailed information as to the natu.re of the flow changes with
increasing speed.

The tell surface used ln this Investigation is consldered to be
Yyplcal of present practice as regards structural charsoteristiocs,
and. the results obtained should therefore be generally applicable to
the deslgn of tail surfaces for fighter—type alrplenes.

SYMBOLS
ng, eaotion normal-—force parameter ( )
. on
cnae section normal-force parameter (3’8;)

seotion normal-—forc e coefflcient

Com roo-b—'bend.ing—moment coefTiclent (

b2 ) fb/ con)y ay

P pressure coeffiocient (-P-:—-EQ>
do

P rate of chenge of pressure coefficient with angle of attack

rate of change of yressure cosfficlient—with elevator angle

Pp  rate of change of resultant pressure coefficient with angle
o« of attack (resultant pressure coefficient = Piower — Pupper)
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My, critical Mach mumber (zir-stream Magh number at which lodal
veloolty firet equals velooity of sound of stream)

)s] static pressure at any point

1 dynfail‘lio pre_ésuz;e (%pv2> ’

b span of model (90 in.) ' ' -
. oot ohokd (50 in.) |

]
1]

o chord at eny spenwlse stetlon ¥, ihcl'_tes'
.distance fraom roo-b._chofd. to any sta_tioh_; inches

- distance from leadlng edge

¢e olevator chord aft of hings line

o s’ga'riilizer angle of attack, degrees

8, angle of elevator chord with respect to stebilizer ahord
(treiling edge down is positive), degrees

'Subscripts: .

e -elevator

o] free stream

t trim tab ' oo

APPARATUS AND METHODS

A full-scale horizontel tail surface was tested in the
lLengley 16~foot high-speed tummel., (See fig. 1.} The tail surface
was constructed by present—dey production methods and was of metal
construction, metal covered, end flush riveted. A l0—precent—thick
symmetrical alrfoll was used and tho ordinates are presented in table I.
The varlation of the ectusl tail-surface contour from the specified
contour is illustrated in flgure 2, The tall surface had an aspect
ratio of 4.65, a teper ratic of 0.56,and 5° dihedral. The elevator
was of the sealed internally bvalanced type and had_a straight combtour
aft of hinge line ( TO percent chord) resulting in a trailing-edge
éngle of spproximately 14°. (See fig. 3.) The elevator balance
chamber was housed. in the stabilizer and is shown in detail in
figure 4, The flow of air through the elevator gap from the high—
pressure to low-pressure side of the tall surface was prevented by
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& rubber—covered febric seal which extended between the nose of the
balance plate and the balence chamber and around the hinge pocket.

The model was constructed with orifices at three spanwlse
stations for measuring externsl pressures. and at four stations in the
balance chember. Heavy-walled %~inch—diameter gopper tublng was used
for the orifices which resulted in an orifice diameter of approxl—
mately 0.050 inch, The orifices were not located on ribs and the
data obtained with them include effects of skin distortion. The
location of the orifices with respect to ribs and stringers is shown
in figure 5. All pressures were recorded simultaneocusly by photO"
graphlng multitube manomete“s

TESTS
Data were obtained for angles of attacx of —30, llo, 0°, l%o,

39, and 6°; elevator angles of —17°, --13°, 9%, -6°, -2°, 0°,

20, 49, 6° and 9°; and Mach mmbers of 0.20, 0.30, O. lpo, 0.50, 0.55,
0.60, 0.65, and 0.68 Any combination of these variables was
limited by the maximum allowsble load on either the stabilizer,
elevator, or tail surface az. a unit, the allowable load being taken

as three-fourths of the design limit load. The average dynamic
pressures and average Reynolds numbers corresponding to the test Mach
numbers ere shown in figure 6, The Reynolds number is based on the
mean aerodynamic chord of 40 inches. All date presented in this report
were obtained with the trim tad in its neutral position,

REDUCTION OF DATA

The pressure messurements were reduced to the usual coefficlent

form P = E—E—EQ. The rates of change. of pressure coeffilcient with
o . N ) N .
angle of attack and elevator angle were obtalned by plotting the
pressurs at each orifice against engle of attack and elevator angle
_ and measuring the slope over the linear portion of the lines, Since
gtructural considerations limited the combinetions of angle of attack
and elevator angle that could be tested sbové M = 0.60 and thus
prevented the accurate determination of slope data, no slope data are
presented above M= 0 €0.

The section n0£mal~force coefficients were obtained by mechenical
Integration of the chordwise pressure-distribution plots. These
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values of section nommal—-force coefficlents wexe then plotted
against angle of attack and also elevator angle and the slops of the
curves measured. °n,, and Cng could. also be obtalned with falr

accuracy by mechanical integra.tion of the chordwise plots of P,
and P5 .

The angle of atbttack of the tail surface hay been corrscted for
wind—tunnel wall interferense by the method of reference 2., Applica—
cation of the method of refersnce 3 for blockage corrections indicated
that the maximum correction to dynsmic pressure was less than 1 per—
cent for the range of teat of the svbject model and therefore no
blockage corrections are inclnded. . .

RESULTS AND DISCUSSION

Chordwise distributions.- The basic pressure distribution for
the zero angle of attack and elevator angle at Mach numbers of 0.20,
0,40, and 0,60 are presented in figures 7, 8, and 9 for the 18-inch,
b7,5-inch, end 8l~inch stations, respectively. The effect of the -
surface irregularitles on the pressure distribution is apparent when
figure 8 is used in conjunction with figure 2. It is indicated that
the surface irregularities had an appreclable adverse effect on the
pressure distribution and as will be discussed later, lowered the
critical Mach number of the tail surface. ' The agreement between the
location of the surface lrregularities and the distortioms of the
pressure distribution 1s reasonebly good, although in some cases
lack of suffioient pressure orlfices mekes the actual shepe of the
pressure disgram somewhat doubtful,

The chordwise variations of the rate of change of pressure
coefficient with ahgle of ettack are presented in figure 10 for the
18-inch, 47.5-inch, and 8l-inch stations at M = 0,20, 0.40, and 0,60,
This figure shows an increase in P, over the lea.d.ing 60 pexcent of

the airfolil es the Mach mmber is incressed, due to compressibility

effeots, while no systematlo varistion was apparent aft of the hinge

line, The pressure distribution st any angle of attack or fraction

thereof fram o = —~3° to 3° can be obtained by multiplying the slope

date by the desired asngle and then adding the values of pressure

coefficlent for the zexo angle of attack, (see figs. T to 9, } The :
dashed parts of the P, curves represent pressures .which change very '
repidly due to movement of the stagnation point or elevator protrusions,
and for which appreciable error 1ln determining the siopes 1la possible.

~ The chordwise distribution of ;che'ra.te of change of preesu_re.
coefficient with elevator angle Pﬁe at the 1&-inch, L47,5-inch,
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end 8l-inch stations for Mach mumbers of 0,20, 0.40, and 0.60 is
shown in figure 1ll. Thils figure shows a decrease in Pse with

increasing Mach number over the leadling 15 percent of tail surface
and an inorease at 70 and 77 percent of the chord, The decrease
of Pae at the leading cdge with increasing Mach number 1s contrary

to data obtained from solid models of high torsional rigidity end

. appears to be caused by twist of the stabilizer in a dirvection to
decrease the 11t dus to the center of pressure moving rearwerd as
the elevatbor angle 1s increasedi It 1s estlmated that a decrease
of approximately 0.10 of a degree Iin angle of attack would eccount
for the reduction in Pg, between M = 0,2 and M = 0.6 shown in

figure 11,

The effect of Magh number on the chordwise pressure distribution
for oonstant ¢ was investigated. However, no desta are showm

because the effect was negligible and no apprecisble shift in the
center of pressure was indicated between a Mach number of 0.20 and 0.60.

‘Since the data for the rate of change of pressure coefficlent
with angle of attack or elevator angle are applicable only for a
limited renge of angles (a = £3°, B 28°), the chordwise pressure

distributions for a few larger angles of attack and elevator deflec—
tlon are presented in figures 12 to 16 for the 18-inch, 4#7.5~inch,
and Bl-inch stations at M = 0.20,

Pigure 17 presentes the percent change with Mach number in
hinge-moment coefficlent and elevator-balance pressure coefficlent far
several combinations of angle of ettack and elevator angle. An
increase in the sbsolubte value of elther coefficient between M = 0,20
and any other Mach numbexr has been consldered positive and a decrease,
negative, This figure shows.that the hinge-moment ccefficient
increases more than the balance—~chember pressure coelficlient decreases
a8 the speed 1s Inoreased, Thus only & part of the increase in
hinge~-moment coefficient with increasing speed can be atitributed to a
loss of balance chamber pressure. Flgures 11 and 18 show that in
general the elevator pressures increase wlth inoreasing Mach number
particularly between 0.7 and 0.8 chord. These increases also
contribute to the rise in hinge-moment coefficients with Mach number,
The combined effects of the pressure changes shown 1n figlres 17
ard 18 indiceté changes in hings-moment coefficients which are in
approximete agreement with the force~test resulis,

Spanwise distribution.~ The variation of spemwise distribution
of the sectlon normsl—force coefflcient as obtained from the tests
and as calgulated according to reference 4 is shown in figure 19,
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Yo unusual loading condltions are appa'.ren'b for the sneeds tested and
the sgreement hetween the calculated and experimental data is reason—
a.'bly good..

" Effect of Mach mumber on root_bend.ing moment.— The variation of
the root-bendirg-mement coefficient with Mech mumber is shown in
figure 20 for the calculated and experimentally determined span
loadings. When the nommal force was obtained by deflecting the
eleva:bor, the root bending moment decreased slightly at the higher
speeds, whereas when the normal force was cobtained by changing the
engle of attack the root—bending moament increased slightly. However,
no significent difference between the calculated and experimental
roo'b—‘ggnding—manen'b coefficients was epparent up -bo a Mach nmumiber
of Q.

Estimated critical Mach numbers.- Extrapolation of the experimen-
tal pressure data by the Temple—Yarwood method indicated that this
tail surface would have e critical Mach mumber of O.77 at Cp =

and B = 0°," However, from comsideration of the effects of the peaks
in the pressure disgrems and the calculated pressire dlstribution for
& smooth glrfoil 1t is estimated that the critical Mach number could
be increesed to 0,80 if the airfoll surface were ideally smooth and
fair, (See reference 5.) - The vaeriation of the critical Mach number
with angle of attack for various elevator engles is shown in figure 21.

It should be emphasized that except for the determination of the
critical Mach nmumber the data and trends which have been discussed
caxmot be eafely extrapolated to higher speeds because of the radical
changes which ogour at speeds abové.the critlcal speed.’

CORCIUSICNS

1, Lack of fairmess of the surface had an eppreciable adverse
effect on the pressure distribution which adversely affects the - Mgy
over the airfoll. The highést critical speed of the tall surface wes
0.77; however, it is estimsted that this ocould be increased to 0.80
by eliminating the surface irregulerities, -

2, The rate of change of pressure coefficient with angle of
attack over the leading 60 percent.of the chord increased with
inoreasing Mach number due to compressibility effects, while no
systematic variation was apparent aft of the hinge line.

3. The rate of change of pressure coefficient with elevator
engle decreassed over the leading 15 percent of the tall surface as
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a result of model twist and increased at the TO—percent end
T7-percent chord stations with increesing Mach number.

I, The increase in hinge-moment coefficlent with lncreasing
speed was found to result from e loss of pressure 1n the elevator
balance ohamber and an increase in the extermal eleva.tor pressures
aft of the hinge line,

5. Reagsonable agreement between the ocalculated and experimental
root—'bend_ng—moment coefficlent vas ovtained up to a Mach nimber
of 0.65.

Langley Memorial Aeronsuticsl Laboretory
National Advisory Committee for Aeronautics

Langley Fleld, Va.
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TABIE I

SECTION PROFERTIES OF THE AIRFOLL TRSTED

SYMMETRTICAL SECTION

Percent Percent
x Y
o] . o)
05 L 788
. 75 . . 96,4-
2.25 l.2h
S 1.Th
705 2-915
10 3.307
15 3.903
20 4,330
25 L,635
30 L. 8h1
Eg 4,961
L 5
L5 4,9603
55 h,6347
60 L,3b7
65 3.979
70 3.5363
i 3.0274
80 2,463
85 1.8595
90 1.233
.95 6052
100 O

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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